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INTRODUCTION:  In this  case  series,  different  modalities  of  treatment  for patients  with ischaemic  symp-
toms of  subclavian  stenosis  are  described,  including  the  different  operative  strategies  that  can  be adopted
in more  challenging  cases.  This  is  the  ﬁrst case series  describing  these  four management  options.
PRESENTATION:  Case  1: A  seventy-one  year-old  female  presented  with  acute  on  chronic  ischaemia  of her
left  arm  following  a  fall  and  developed  dry gangrene  of  her  left thumb.  This  was initially  managed  with
a  heparin  infusion  followed  by  stenting  of  the  subclavian  artery  which  relieved  her symptoms.  Case  2:
A ﬁfty-nine  year-old  male  presented  with  chronic  ischemia  of  the  left arm  secondary  to  an  occlusion  of
the left  subclavian  artery.  This  was  managed  by transposition  of the left subclavian  artery  onto  the  left
common  carotid  artery.  Case  3: A sixty-four  year-old  female  presented  with  left  subclavian  steal  syndrome
secondary  to subclavian  artery  stenosis.  She  underwent  carotid  subclavian  artery bypass.  Case  4: A ﬁfty-
six year-old  female  presented  with  acute  left  upper  limb  ischaemia  secondary  to  acutely  thrombosed
subclavian  artery  on a  CT-angiography.  She  underwent  a carotid  to axillary  bypass.
DISCUSSION  AND  CONCLUSION:  This  case  series  demonstrates  the  treatment  options  available  to vascular
surgeons  when  managing  symptomatic  subclavian  artery  disease.  Symptomatic  subclavian  artery  occlu-
sive disease  should  be treated  with  endovascular  stenting  and angioplasty  as  ﬁrst  line  management.  If it
is not  successful  then  open  surgery  should  be considered.  Bypassing  the  carotid  to  the subclavian  or  to
the  axillary  artery  are  both  good  treatment  modalities.
©  2015  The  Authors.  Published  by Elsevier  Ltd.  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
he  CCaccess  article  under  t
. Introduction
Patients with atherosclerotic occlusive plaques in the subcla-
ian artery are usually asymptomatic. Intervention is warranted
n the symptomatic patient [1,2]. Hemodynamically signiﬁcant
tenosis of the subclavian artery usually presents with symptoms
f upper limb ischemia on the ipsilateral side as the lesion. It
ay  also present as subclavian steal syndrome with symptoms
f vertebro-basilar insufﬁciency as a result of retrograde ﬂow in
he ipsilateral vertebral artery [3]. The most common cause of sub-
lavian artery stenosis is atherosclerosis but other causes include
ongenital abnormalities such as arteria lusoria (aberrant subcla-
ian artery) or right sided aortic arch that can cause compression
Abbreviations: PTFE, Polytetraﬂuoroethylene; MRA, Magnetic resonance
ngiogram using philips ingenia 1.5 T.
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of the right subclavian artery leading to congenital subclavian steal
syndrome [4–6].
There are several methods of treating symptomatic occlu-
sive lesions of the proximal subclavian artery. An endovascular
approach is attempted before proceeding to open subclavian artery
revascularization as it is a less invasive procedure [7]. Surgical
revascularization is attempted either via transposition of subcla-
vian to carotid artery, carotid – subclavian bypass using a synthetic
graft or by subclavian – axillary bypass if the carotid is not feasible
[8].
Angioplasty and stenting are ﬁrst line interventions for symp-
tomatic subclavian occlusive disease. A retrospective study on the
long-term outcome of this endovascular intervention concluded
that there was high primary success with satisfactory outcomes
beyond 10 years [9].
The study conducted by Stone et al. compared endovascular
treatment and open surgery in subclavian occlusive disease [10].
The study concluded that endoluminal therapy for subclavian dis-
ease is effective and safe; however, open surgery still carries a
better long-term durability and should be the preferred approach in
low-risk patients. Symptomatic patients who failed endovascular
treatment or subsequent loss of patency by stent occlusion should
be considered for surgical revascularization.
roup Ltd. This is an open access article under the CC BY-NC-ND license (http://
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The carotid subclavian bypass is a safe and commonly used sur-
ical procedure when endovascular intervention has failed [11].
 retrospective study analysing outcomes of common carotid-
ubclavian artery bypass versus transposition of subclavian artery
n the common carotid artery concluded that the latter should be
onsidered the ﬁrst line surgical management of proximal subcla-
ian artery lesions. The study showed the six-year patency rate was
ne hundred percent for transposition of subclavian artery on the
ommon carotid artery and sixty-six percent for carotid subclavian
ypass [12].
In this case series, we  describe different modalities of inter-
ention in four patients presenting with ischaemic symptoms of
ubclavian stenosis. This work has been reported in line with the
ARE criteria [13].
Fig. 1. (a) Pre-op MRA showing subclavian aPEN  ACCESS
rgery Case Reports 19 (2016) 69–74
2. Case presentations and discussion
2.1. Case 1
A 71 year old female presented as an emergency with a ten
day history of a cold left arm following a fall onto her left side.
On examination, her left upper limb was  cold, pale and pulseless.
Duplex ultrasonography showed low velocity ﬂow and dampened
waveform in the left subclavian artery. Intravenous heparin was
commenced. Symptoms initially improved but she had ongoing
pain in her left upper limb and developed dry gangrene of her
left thumb. She underwent stenting of the subclavian artery which
restored luminal patency and relieved her symptoms. Fig. 1 shows
MRA  images of the subclavian artery before treatment (Fig. 1a) and
after stent insertion (Fig. 1b).
rtery stenosis. (b) Post stent insertion.
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cig. 2. (a) Pre-operative MRA  showing an occlusion of the proximal left subclavian
he  left subclavian artery to the left common carotid artery.
Where appropriate, angioplasty and stenting is the ﬁrst line
reatment for subclavian artery stenosis. The following cases
emonstrate surgical options when angioplasty and stenting is not
ossible..2. Case 2
A 59 year old male smoker was referred to vascular outpatient
linic with a history of a cold left upper limb over the last fewy extending to the origin of the left vertebral artery. (b) MRA  after transposition of
years. Duplex ultrasonography of his left upper limb showed high
velocity ﬂow distally. MRA  showed an occlusion of the proximal
left subclavian artery extending to the origin of the left vertebral
artery (Fig. 2a). Angioplasty and stenting was attempted on two
occasions but the procedures were terminated because it was not
possible to cross the occlusion. Following multidisciplinary team
discussion, it was decided to offer a carotid subclavian bypass with
transposition of the subclavian artery onto the common carotid
artery.
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Via a transverse supraclavicular incision, the left subclavian
rtery, left thyrocervical trunk and left vertebral arteries were diss-
cted and controlled. The left subclavian artery was clamped just
istal to the occlusion, proximal to the origin of the left vertebral
rtery, and transected. The subclavian artery stump was  closed. The
eft common carotid artery was dissected and controlled. A longi-
udinal arteriotomy was made in the left common carotid artery
nd an end-to-side anastomosis was performed between the left
ubclavian artery and left common carotid artery.
After 6 months a MRA  showed that the transposition of the left
ubclavian artery to the left common carotid artery was  successful,
ith slight narrowing at the origin of the subclavian artery. The
eft vertebral artery was patent and the origin of the left subclavian
rtery is now a small blind ending trunk (Fig. 2b).ive image showing PTFE graft in situ between left carotid and axillary arteries.
The transposition of the subclavian onto the carotid artery tech-
nique was possible because the lesion was proximal to the origin of
the vertebral artery and the carotid artery was not diseased. It has
the beneﬁt that there is no graft in situ. Transposition of the sub-
clavian artery to the carotid artery is most commonly performed in
preparation for stenting of aneurysms of the thoracic aorta.
2.3. Case 3 (Fig. 3a and b)
A 64 year old female smoker with severe chronic obstructive
pulmonary disease and peripheral vascular disease requiring lower
limb vascular stents was  found to be complaining of left upper
limb claudication at a vascular outpatient review appointment. She
also complained of dizziness when moving her arm. Duplex ultra-
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onography showed stenosis in the mid  left subclavian artery with
eversed ﬂow in the left vertebral artery, in keeping with subcla-
ian steal. MRA  conﬁrmed occlusion of the left subclavian artery.
ngioplasty was attempted but terminated because it was  not pos-
ible to cross the lesion. Multidisciplinary team advice was  to offer
arotid subclavian artery bypass.
Via a transverse left supraclavicular incision the left common
arotid artery was dissected. Scalenius anterior muscle was  divided
o provide access to the left subclavian artery. The subclavian artery,
hyrocervical trunk and internal mammary arteries were identi-
ed and dissected. Proximal and distal control of the common
arotid artery and the subclavian artery was gained. A six millime-
re unsupported PTFE graft was anastomosed to the carotid and
ubclavian artery.
.4. Case 4 [14] (Fig. 4)
A 56 year old female smoker presented acutely with left arm
umbness and pain. There were no palpable pulses. She underwent
rgent computed tomography, which showed an acutely throm-
osed left subclavian artery.
Initial angiograms obtained through the femoral artery in the
roin showed a tight stenosis at the origin of the subclavian artery.
he underwent angioplasty and stenting of the subclavian artery
tenosis.
She continued to smoke and was re-admitted with recurrent
ymptoms. The duplex repeat angiogram conﬁrmed an occlusion of
he left subclavian stent and she underwent further angioplasty and
nsertion of a stent. Unfortunately, the stent blocked again for the
econd time, and a decision made to carry out a bypass rather than
erform repeat radiological re-intervention. She therefore under-
ent a carotid to axillary bypass.
Via a longitudinal incision along the medial aspect of the leftternocleidomastoid muscle, the common carotid artery was diss-
cted and controlled. The left axillary artery was  exposed through
n infraclavicular incision parallel to the clavicle. A six millimetre
1 T.I. Barakat, L. Kenny, H. Khout, G. Timmons, V. Bhattacharya. Carotid axillary
ypass in a patient with blocked subclavian stents: a case report. J. Med. Case Rep.
 (June) (2011) 237. carotid-axillary bypass.1
supported PTFE graft was tunneled under the sternocleidomastoid
muscle and over the clavicle and anastomosed.
In cases where previous stenting of the subclavian artery
complicates any anastomosis involving the subclavian artery,
carotid-axillary bypass is a good alternative.
3. Discussion and conclusion
Haemodynamically signiﬁcant stenosis of the subclavian artery
may  present with symptoms of upper limb ischemia, subclavian
steal syndrome or, more rarely, coronary steal syndrome. We  have
described four methods of restoring blood ﬂow to the upper limb
in cases of symptomatic subclavian artery stenosis. It is widely
accepted that endovascular stenting of the subclavian artery should
be ﬁrst line treatment for this condition. Angioplasty can how-
ever, can cause intraluminal hyperplasia and the re-stenosis rates
are higher than for extrathoracic surgical revascularisation [15].
Extrathoracic surgical revascularisation becomes necessary when
endoluminal measures fail, or when anatomical variations make it
more technically difﬁcult.
Transposition of the subclavian artery onto the carotid artery is
suitable if there is proximal stenosis of the subclavian artery, allow-
ing for mobilisation of the subclavian artery distal to the stenosis.
In the management of proximal subclavian artery stenosis it is safe
and re-occlusion rates are low [16]. Re-occlusion rates are lower
than those for carotid-subclavian artery bypass using a graft [17].
This technique has been used to treat subclavian steal due to a
congenital aberrant right subclavian artery [18]. Another common
reason for doing this operation is in preparation for stenting of
thoracic aortic aneurysms, to reduce the risk of cerebral ischemia
[19,20].
Carotid-subclavian artery bypass using a prosthetic graft is con-
sidered as a safe surgical intervention with mortality rates of 0–3%
and stroke risk of 0–5% [21]. These rates are comparable with those
for transposition of the subclavian artery onto the carotid artery
[22]. A wide range of grafts may  be used, including Dacron, autol-
ogous vein and PTFE. Takach et al. [23] have demonstrated the
safety and effectiveness of carotid-subclavian bypass in their anal-
ysis of 287 patients treated for subclavian artery stenosis in this
way. Carotid-subclavian bypass has also been used in repair of aber-
rant right subclavian artery aneurysm following endoluminal aortic
stent graft exclusion [24].
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Carotid-axillary bypass is less widely used than the other tech-
iques. It has the advantage of avoiding the area of stenosis in cases
here the subclavian artery has extensive disease and damage from
revious angioplasty and stenting. It can be performed even with
ore distal disease in the subclavian artery.
It is important to consider the options available when consider-
ng surgical management of subclavian artery stenosis. In addition
o atherosclerosis and damage from previous endovascular treat-
ents, anatomical variations such arteria lusoria may  complicate
urgical decisions. It is important for the surgeon to have a thorough
nderstanding of the anatomy and aetiology while considering sur-
ical options. This original case series demonstrates some of the
reatment options available to vascular surgeons when managing
ymptomatic subclavian artery disease.
onﬂicts of interest
None.
unding
None.
thical approval
Not required.
onsent
All patients have provided written consent to be included in this
rticle.
uthor contribution
RS, JH and LJW collected data, performed a literature review and
rote the paper. TES, GT, AMM  and VB performed the procedures.
ll authors reviewed ﬁnal submission.
uarantor
Vish Bhattacharya.
eferences
[1] W.  Iared, J.E. Mourão, A. Puchnick, F. Soma, D.C. Shigueoka, Angioplasty versus
stenting for subclavian artery stenosis, Cochrane Database Syst. Rev. 16 (5)
(2014).
[2] N. Labropoulos, P. Nandivada, K. Bekelis, Prevalence and impact of the
subclavian steal syndrome, Ann. Surg. 252 (1) (2010) 166–170.[3] B.J. Potter, D.S. Pinto, Subclavian steal syndrome, Circulation 129 (22) (2014)
2320–2323.
[4] H. Budincevic, K. Starcevic, I. Bielen, V. Demarin, An aberrant subclavian
artery exhibiting the partial steal phenomenon in a patient with VACTERL
association, Intern. Med. 53 (16) (2014) 1859–1861.
[
pen Access
his article is published Open Access at sciencedirect.com. It is distrib
ermits unrestricted non commercial use, distribution, and reproduct
redited.PEN  ACCESS
rgery Case Reports 19 (2016) 69–74
[5] L. Stefan´czyk, K. Szymczyk, K. Stefan´czyk, M.  Polguj, The presence of a right
asortic arch associated with severe stenosis of the right common carotid
artery and steal phenomenon, Ann. Vasc. Surg. 29 (8) (2015) 1656.
[6] A.T. Mamopoulos, B. Luther, Congenital subclavian steal syndrome with
multiple cerebellar infarctions caused by an atypical circumﬂex
retroesophageal right aortic arch with atretic aberrant left subclavian artery,
J.  Vasc. Surg. 60 (3) (2014) 776–779.
[7] A.C. Eisenhauer, Subclavian and innominate revascularization: surgical
therapy versus catheter-based intervention, Curr. Interv. Cardiol. Rep. 2
(2000) 101–110.
[8] J.A. van der Vliet, H.W. Palamba, D.M. Scharn, S.F. van Roye, F.G. Buskens,
Arterial reconstruction for subclavian obstructive disease: a comparison of
extrathoracic procedures, Eur. J. Vasc. Endovasc. Surg. 4 (1995) 454–458.
[9] A.Y. Mousa, A.F. AbuRahma, J. Bozzay, M.  Broce, E. Barsoum, M. Bates,
Anatomic and clinical predictors of reintervention after subclavian artery
stenting, J. Vasc. Surg. (15) (2015) S0741–S5214, http://dx.doi.org/10.1016/j.
jvs.2015.01.055 [Epub ahead of print].
10] P.A. Stone, M. Srivastiva, J.E. Campbell, A.Y. Mousa, Diagnosis and treatment of
subclavian artery occlusive disease, Expert Rev. Cardiovasc. Ther. 8 (9) (2010)
1275–1282.
11] A.F. AbuRahma, P.A. Robinson, T.G. Jennings, Carotid-subclavian bypass
grafting with polytetraﬂuoroethylene grafts for symptomatic subclavian
artery stenosis or occlusion: a 20-year experience, J. Vasc. Surg. 32 (3) (2000)
411–419.
12] G.P. Deriu, D. Milite, F. Verlato, D. Cognolato, P. Frigatti, M. Zaramella, G.
Mellone, F. Greco, Surgical treatment of atherosclerotic lesions of subclavian
artery: carotid-subclavian bypass versus subclavian-carotid transposition, J.
Cardiovasc. Surg. (Torino) 39 (6) (1998) 729–734.
13] J. Gagnier, G. Kienle, D.G. Altman, D. Moher, H. Sox, D.S. Riley, the CARE group,
The  CARE guidelines: consensus-based clinical case report guideline
development, J. Clin. Epidemiol. 67 (1) (2015) 46–51.
14] T.I. Barakat, L. Kenny, H. Khout, G. Timmons, V. Bhattacharya, Carotid axillary
bypass in a patient with blocked subclavian stents: a case report, J. Med. Case.
Rep. 27 (2011) 237.
15] A.F. AbuRahma, M.C. Bates, P.A. Stone, B. Dyer, L. Armistead, L. Scott Dean, P.
Scott Lavigne, Angioplasty and stenting versus carotid-subclavian bypass for
the  treatment of isolated subclavian artery disease, J. Endovasc. Ther. 14 (5)
(2007) 698–704.
16] M.  Duran, D. Grotemeyer, M.A. Danch, K. Grabitz, H. Schelzig, T.A. Sagban,
Subclavian carotid transposition: immediate and long-term outcomes of 126
surgical reconstructions, Ann. Vasc. Surg. 29 (3) (2015) 397–403.
17] A.L. Madenci, C.K. Ozaki, M.  Belkin, J.T. McPhee, Carotid-subclavian bypass
and subclavian-carotid transposition in the thoracic endovascular aortic
repair era, J. Vasc. Surg. 57 (May (5)) (2013) 1275–1282.
18] P. De Vleeschauwer, S. Horsch, Subclavian steal syndrome in a congenitaly
anomalous subclavian artery: a case report, Ann. Vasc. Surg. 1 (3) (1986)
389–391.
19] M.M.  Jones, M.  Akay, D. Murariu, S.A. LeMaire, J.S. Coselli, Safe aortic arch
clamping in patients with patent internal thoracic artery grafts, Ann. Thorac.
Surg. 89 (4) (2010) e31–e32.
20] S. Xydas, B. Wei, H. Takayama, M.  Russo, M.  Bacchetta, C.R. Smith, A. Stewart,
Use  of carotid-subclavian arterial bypass and thoracic endovascular aortic
repair to minimize cerebral ischemia in total aortic arch reconstruction, J.
Thorac. Cardiovasc. Surg. 139 (3) (2010) 717–722.
21] M.M.  Law, M.D. Colburn, W.S. Moore, W.J. Quinones-Baldrich, H.I. Machleder,
H.A. Gelabert, Carotid-subclavian bypass for brachiocephalic occlusive
disease, Stroke 26 (1995) 1565–1571.
22] A.L. Madenci, C.K. Ozaki, M.  Belkin, J.T. McPhee, Carotid-subclavian bypass
and subclavian-carotid transposition in the thoracic endovascular aortic
repair era, J. Vasc. Surg. 57 (5) (2013) 1275–1282.
23] T.J. Takach, J.M. Duncan, J.J. Livesay, D.A. Ott, R.D. Cervera, D.A. Cooley,
Contemporary relevancy of carotid-subclavian bypass deﬁned by an
experience spanning ﬁve decades, Ann. Vasc. Surg. 25 (7) (2011) 895–901.
24] L. Daniels, H.M. Coveliers, A.W. Hoksbergen, J.H. Nederhoed, W.  Wisselink,
Hybrid treatment of aberrant right subclavian artery and its aneurysms, Acta.
Chir. Belg. 110 (3) (2010) 346–349.uted under the IJSCR Supplemental terms and conditions, which
ion in any medium, provided the original authors and source are
